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TRANSFER SHEET PROVIDED WITH
TRANSPARENT CONDUCTIVE FILM
MAINLY COMPOSED OF GRAPHENE,
METHOD FOR MANUFACTURING SAME,
AND TRANSPARENT CONDUCTOR

TECHNICAL FIELD

The present invention relates to a transfer sheet having a
transparent conductive film layer, a method of manufacturing
the same, and a transparent conductor, and particularly to a
transfer sheet including, as a transparent conductive film
layer, a transparent conductive film mainly composed of
graphene, a manufacturing method of the same, and a trans-
parent conductor.

BACKGROUND ART

Communication devices such as cellular phones, elec-
tronic information devices, LCD displays, solar cells, and the
like require a transparent conductor having good transpar-
ency and good electrical conductivity. Further, in recent
years, transparent conductors of two- and three-dimensional
forms having flexibility allowing bending have been
demanded in view of reduction in weight and size as well as
request relating to design.

Indium Tin Oxide (ITO) is primarily used as a transparent
conductive material of a transparent conductive film. How-
ever, direct patterning of'the ITO to a three-dimensional form
is technically difficult. Even when the ITO is patterned into a
two-dimensional form and then is patterned into a three-
dimensional form, an electrical conductivity lowers because
the ITO is fragile and does not follow extension, contraction,
bending, and the like of a transfer subject or target, so that it
is technically difficult to manufacture the three-dimensional
form having the transparency and the electrical conductivity.
Further, the ITO contains indium that is rare earth so that
problems occur in connection with resource depletion, stable
supply, environmental load, and the like.

Therefore, an alternate material of the ITO has been stud-
ied, and Carbon NanoTubes (CNT), metal nano-wires, and
the like have been mentioned as candidates thereof. Among
them, the CNT has mechanical strength and flexibility, i.e.,
both the features required for the transparent conductive film
having a three-dimensional form. However, when the CNTs
are used, a three-dimensional network structure of a plurality
of CNTs which serve as conductors and are in point-contact
with each other needs to be formed in a binder fixing the
CNTs for obtaining the electrical conductivity as the conduc-
tive material. For forming this network structure, for
example, an application method requires many steps such as
selection and adjustment of solvent and dispersant for solving
and dispersing the CNTs into a solution (for example, Patent
Literature 1).

Graphene is another ITO alternative material. The
graphene is a two-dimensional substance having a honey-
comb structure in which a carbon atom is joined to adjacent
three carbon atoms. For patterning the graphene having a
mechanical strength and flexibility similarly to the CNT, it is
possible to employ a method of patterning the graphene while
masking the graphene after film deposition. This method does
not require complicated steps in contrast to the application
method, and significantly differs from the CNT.

As a method of depositing a film of the graphene, there is a
method in which a sheet-like Cu substrate (having a thickness
of'15 um, 25 pm) that is a catalyst is wound around a columnar
reactor, Chemical Vapor Deposition (CVD) is performed at
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1000° C. to deposit the substrate on the Cu substrate, adhe-
sion to a long substrate allowing a roll-to-roll method is
performed, and the Cu substrate is removed by etching (e.g.,
non-patent documents 1 and 2). However, this method
requires many steps so that damages such as crease or break-
age occur in the produced graphene film, resulting in a prob-
lem of lowering a property of the graphene. Accordingly, the
inventors earnestly studied to attain the present invention of
manufacturing a transfer sheet in which graphene is formed
on a metal thin film layer serving as a catalyst without under-
going a transfer step causing a damage to a graphene layer.

CITATION LIST
Patent Literature

Patent Literature 1: Re-publication of PCT Internal Publica-
tion No. 2006-132254

Non-Patent Literature 1: K. S. Novoselvo, A. K. Geim et al.,
Science, 306, 666 (2004)

Non-Patent Literature 2: S. Bae et al., Nature Nanotech. 5,
574 (2010)

SUMMARY OF INVENTION
Technical Problem

The present invention has been made for solving the above
problems, and provides a transfer sheet and a transparent
conductor, each having graphene as a transparent conductive
material.

Solution to Problems

For achieving the above object, the present invention pro-
vides a transparent conductor, a transfer sheet for producing
the transparent conductor, and a manufacturing method ofthe
same.

Means for solving the problem in the present invention will
be described below.

In afirst aspect of the present invention, there is provided a
transfer sheet comprising:

a substrate sheet having releasability and smoothness;

a metal thin film layer formed partially or entirely on the
substrate sheet to reflect the smoothness of the substrate
sheet; and

a transparent conductive film layer formed on the metal
thin film layer and mainly composed of graphene.

In a second aspect of the present invention, there is pro-
vided a transfer sheet comprising:

a substrate sheet having smoothness;

a metal thin film layer formed partially or entirely on the
substrate sheet to reflect the smoothness of the substrate
sheet;

a transparent conductive film layer formed on the metal
thin film layer and mainly composed of graphene; and

a routing circuit pattern layer formed on a portion of the
transparent conductive film layer.

In a 3rd aspect of the present invention, there is provided a
transfer sheet comprising:

a substrate sheet having smoothness;

a metal thin film layer formed partially on the substrate
sheet to reflect the smoothness of the substrate sheet;

a transparent conductive film layer formed on the metal
thin film layer and mainly composed of graphene; and

a routing circuit pattern layer formed continuously from an
end of the transparent conductive film layer over the substrate
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sheet along a form of an end surface of each of the transparent
conductive film layer and the metal thin film layer.

In a fourth aspect of the present invention, there is provided
a transfer sheet comprising:

a substrate sheet having smoothness;

a metal thin film layer formed partially on the substrate
sheet to reflect the smoothness of the substrate sheet;

a transparent conductive film layer formed partially on the
metal thin film layer and mainly composed of graphene; and

arouting circuit pattern layer formed continuously from an
end of the transparent conductive film layer over the metal
thin film layer along a form of an end surface of the transpar-
ent conductive film layer.

In a fifth aspect of the present invention, there is provided
a transfer sheet comprising:

a substrate sheet having smoothness;

a routing circuit pattern layer formed partially on the sub-
strate sheet;

a metal thin film layer formed partially or entirely on the
routing circuit pattern and in a region of the substrate sheet
not provided with the routing circuit pattern to reflect the
smoothness of the substrate sheet;

a transparent conductive film layer formed on the metal
thin film layer and mainly composed of graphene; and

a routing circuit pattern layer formed on the transparent
conductive film layer and the substrate sheet.

In a sixth aspect of the present invention, there is provided
a transfer sheet comprising:

a substrate sheet having smoothness;

a metal thin film layer formed partially or entirely on the
substrate sheet to reflect the smoothness of the substrate
sheet;

a routing circuit pattern layer formed on a portion of the
metal thin film layer; and

a transparent conductive film layer located adjacent to the
routing circuit pattern layer, formed on the metal thin film
layer, and mainly composed of graphene.

In a seventh aspect of the present invention, the metal thin
film layer has a thickness of 0.01 um to 1 pm.

In an eighth aspect of the present invention, a surface of the
substrate sheet has an arithmetic average roughness (Ra) of
20 nm or less.

In a ninth aspect of the present invention, a release layer is
arranged on the substrate sheet.

In a tenth aspect of the present invention, an adhesive layer
is arranged on the metal thin film layer.

In an 11th aspect of the present invention, there is provided
a manufacturing method of a transfer sheet, comprising:

forming a mask layer partially on a substrate sheet;

forming a metal thin film layer on the mask layer and the
substrate sheet having releasability;

forming the metal thin film layer partially on the substrate
sheet by peeling and removing the mask layer and the metal
thin film layer formed on the mask layer with a solvent; and

forming a transparent conductive film layer mainly com-
posed of graphene on the metal thin film layer partially
formed on the substrate sheet.

In a 12th aspect of the present invention, there is provided
a manufacturing method of a transfer sheet, comprising:

forming a metal thin film layer on a substrate sheet;

forming a resist layer partially on the metal thin film layer
to form a portion provided with the resist layer and a portion
not provided with the resist layer on the metal thin film layer;

forming the metal thin film layer and the resist layer par-
tially on the substrate sheet by peeling and removing the
metal thin film layer on the portion not provided with the
resist layer with a solvent;
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exposing the metal thin film layer on a surface thereof by
removing the resist layer with a solvent; and

forming a transparent conductive film layer mainly com-
posed of graphene on the metal thin film layer exposed on the
surface thereof.

In a 13th aspect of the present invention, there is provided
a manufacturing method of a transfer sheet, comprising:

pattern-forming a mask layer on a portion of a substrate
sheet having smoothness;

forming a routing circuit pattern layer in a portion of a
region of the substrate sheet not provided with the mask layer;

forming a metal thin film layer in a region of the substrate
sheet not provided with the mask layer and the routing circuit
pattern layer;

peeling and removing the mask layer together with a por-
tion of the metal thin film layer formed on the mask layer to
form partially the metal thin film layer on the substrate sheet;
and

forming a transparent conductive film layer mainly com-
posed of graphene on the partially formed metal thin film
layer and the routing circuit pattern layer.

In a 14th aspect of the present invention, there is provided
a manufacturing method of a transfer sheet, comprising:

forming a routing circuit pattern layer on a portion of a
substrate sheet having smoothness;

forming partially a mask layer either on the routing circuit
pattern layer and in a region on the substrate sheet not pro-
vided with the routing circuit pattern layer, or only in a region
on the substrate sheet not provided with the routing circuit
pattern layer;

forming a metal thin film layer in a region on the substrate
sheet not provided with the mask layer and the routing circuit
pattern layer, on the mask layer, and on the routing circuit
pattern layer;

forming partially the metal thin film layer on the substrate
sheet by peeling and removing the mask layer together with a
portion of the metal thin film layer formed on the mask layer;
and

forming a transparent conductive film layer mainly com-
posed of graphene on the partially formed metal thin film
layer and the transparent conductive film layer.

In a 15th aspect of the present invention, there is provided
a manufacturing method of a transfer sheet, comprising:

partially forming a mask layer on a substrate sheet having
smoothness;

forming a metal thin film layer both in a region on the
substrate sheet not provided with the mask layer and on the
mask layer;

forming a routing circuit pattern layer in a region of the
substrate sheet provided with the metal thin film layer and not
provided with the mask layer;

forming partially the metal thin film layer on the substrate
sheet by peeling and removing the mask layer together with a
portion of the metal thin film layer formed on the mask layer;
and

forming a transparent conductive film layer mainly com-
posed of graphene on the partially formed metal thin film
layer and the transparent conductive film.

In a 16th aspect of the present invention, there is provided
a manufacturing method of a transfer sheet, comprising:

partially forming a mask layer on a substrate sheet having
smoothness;

forming a metal thin film layer both on a region of the
substrate sheet not provided with the mask layer and on the
mask layer;
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forming the metal thin film layer partially on the substrate
sheet by peeling and removing the mask layer together with a
portion of the metal thin film layer formed on the mask layer;

forming a transparent conductive film layer mainly com-
posed of graphene on the partially formed metal thin film
layer; and

forming a routing circuit pattern layer on the transparent
conductive film layer.

In a 17th aspect of the present invention, there is provided
a manufacturing method of a transfer sheet, comprising:

partially forming a mask layer on a substrate sheet having
smoothness;

forming a metal thin film layer both on a region of the
substrate sheet not provided with the mask layer and on the
mask layer;

forming the metal thin film layer partially on the substrate
sheet by peeling and removing the mask layer together with a
portion of the metal thin film layer formed on the mask layer;

forming a routing circuit pattern layer either in a region on
the substrate sheet previously provided with the peeled and
removed mask layer, or on the region and the metal thin film
layer partially formed on the substrate sheet; and

forming a transparent conductive film layer mainly com-
posed of graphene on a portion of the metal thin film layer
partially formed on the substrate sheet and not provided with
the routing circuit layer.

In an 18th aspect of the present invention, there is provided
a manufacturing method of a transfer sheet, comprising:

partially forming a routing circuit pattern layer on a sub-
strate sheet having smoothness;

forming a metal thin film layer both on a region of the
substrate sheet not provided with the routing circuit pattern
layer and on the routing circuit pattern layer;

forming a resist layer on a portion of the metal thin film
layer;

forming the metal thin film layer partially on the substrate
sheet or the routing circuit pattern layer by peeling and
removing the resist layer after removing the metal thin film
layer on a portion not provided with the resist layer; and

forming a transparent conductive film layer mainly com-
posed of graphene on the metal thin film layer formed par-
tially on the substrate sheet or on the routing circuit pattern
layer.

In a 19th aspect of the present invention, there is provided
a manufacturing method of a transfer sheet, comprising:

forming a metal thin film layer on a substrate sheet having
smoothness;

partially forming a routing circuit pattern layer on the
metal thin film layer;

partially forming a resist layer in a region of the metal thin
film layer not provided with the routing circuit pattern layer;

partially forming the metal thin film layer on the substrate
sheet by peeling and removing the resist layer after removing
the metal thin film layer from a portion not provided with the
resist layer; and

forming a transparent conductive film layer mainly com-
posed of graphene on the partially formed metal thin film
layer.

In a 20th aspect of the present invention, there is provided
a manufacturing method of a transfer sheet, comprising:

forming a metal thin film layer on a substrate sheet having
smoothness;

forming a resist layer partially on the metal thin film layer;

forming the metal thin film layer partially on the substrate
sheet by peeling and removing the resist layer after removing
the metal thin film layer from a portion of the metal thin film
layer not provided with the resist layer;
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forming a transparent conductive film layer mainly com-
posed of graphene on the metal thin film layer formed par-
tially on the substrate sheet; and

forming a routing circuit pattern layer on the transparent
conductive layer.

In a 21st aspect of the present invention, there is provided
a manufacturing method of a transfer sheet, comprising:

forming a metal thin film layer on a substrate sheet having
smoothness;

forming a resist layer partially on the metal thin film layer;

partially forming the metal thin film layer on the substrate
sheet by peeling and removing the resist layer after removing
the metal thin film layer from a portion of the metal thin film
layer not provided with the resist layer;

partially forming a routing circuit pattern layer on the
metal thin film layer; and

forming a transparent conductive film layer mainly com-
posed of graphene in a region of the metal thin film layer not
provided with the routing circuit pattern layer.

In a 22nd aspect of the present invention, there is provided
a transparent conductive film product having one transparent
conductive portion mainly composed of graphene, character-
ized by comprising:

a flexible transparent substrate of a two-dimensional form,

a resin layer formed on one of surfaces of the transparent
substrate; and

the transparent conductive portion formed of a transparent
conductive layer mainly composed of graphene formed on the
resin layer,

wherein the transparent conductive film product has one
transparent conductive film portion and has flexibility.

In a 23rd aspect of the present invention, there is provided
a transparent conductor having two transparent conductive
portions mainly composed of graphene, characterized by
comprising:

a flexible first transparent substrate of a two-dimensional
form;

a first resin layer formed on one of surfaces of the first
transparent substrate;

a first transparent conductive portion formed of a first
transparent conductive layer formed on the first resin layer
and mainly composed of graphene;

a flexible second transparent substrate of a two-dimen-
sional form;

a second resin layer formed on one of surfaces of the
second transparent substrate; and

a second transparent conductive portion formed of a sec-
ond transparent conductive layer formed on the second resin
layer and mainly composed of graphene,

wherein the first and second transparent conductive por-
tions are opposed to each other to keep electrical isolation,
and the transparent conductor is flexible and has a two-di-
mensional form.

In a 24th aspect of the present invention, there is provided
a transparent conductive film product having one transparent
conductive portion mainly composed of graphene, character-
ized by comprising:

a transparent substrate of a three-dimensional form;

a resin layer formed on one of surfaces of the transparent
substrate; and

a transparent conductive portion formed of a transparent
conductive layer mainly composed of graphene and formed
on the resin layer,

wherein the transparent conductive film product has a
three-dimensional form including the one transparent con-
ductive portion.
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In a 25th aspect of the present invention, there is provided
a transparent conductor having two transparent conductive
portions mainly composed of graphene, characterized by
comprising:

a first transparent substrate of a three-dimensional form;

a first resin layer formed on one of surfaces of the first
transparent substrate;

a first transparent conductive portion formed of a first
transparent conductive layer mainly composed of graphene
and formed on the first resin layer;

asecond transparent substrate of a three-dimensional form;

a second resin layer formed on one of surfaces of the
second transparent substrate; and

a second transparent conductive portion formed of a sec-
ond transparent conductive layer mainly composed of
graphene and formed on the second resin layer,

wherein the first and second transparent electrode portions
are opposed to each other to keep electrical isolation, and the
transparent conductor has a three dimensional form including
the two transparent conductive portions.

In a 26th aspect of the present invention, the transparent
conductor has an insulating layer between the first and second
transparent conductive portions.

In a 27th aspect of the present invention, there is provided
a transparent conductor includes a pressure conductive layer
arranged between first and second transparent electrode por-
tions, and made of an insulative transparent resin and a plu-
rality of electrically conductive pressure-sensitive substances
dispersed and contained in the transparent resin. When a force
acts on one of surfaces of the transparent conductor, the acting
force causes an electric current to flow between the pressure-
sensitive substances in the pressure conductive layer to
achieve conduction between the first and second transparent
conductive layers opposed to each other.

In a 28th aspect of the present invention, the transparent
conductor includes a routing circuit portion.

In a 29th aspect of the present invention, the routing circuit
portion is located near the transparent electrode portion.

In a 30th aspect of the present invention, there is provided
a manufacturing method of a transparent conductor, charac-
terized by comprising:

a first step of arranging a transfer sheet provided with a
transparent conductive portion mainly composed of graphene
within injection molding dies, injecting molding resin, inte-
grally adhering the transfer sheet to one of surfaces of a
molded resin article simultaneously with solidification of the
molding resin, and removing a releasable substrate sheet
thereof, and

asecond step of removing a metal thin film layer formed on
the one surface. In this manufacturing method of the trans-
parent conductor, the transparent conductor includes one
transparent electrode portion mainly composed of graphene
and has flexibility.

In a 31st aspect of the present invention, there is provided
a manufacturing method of a transparent conductor, charac-
terized by comprising:

a first step of arranging a first transfer sheet provided with
a first transparent conductive portion mainly composed of
graphene within injection molding dies, injecting molding
resin, integrally adhering the first transfer sheet to a first one
surface among molded resin surfaces simultaneously with
solidification of the molding resin, and removing a releasable
substrate sheet thereof;

a second step of removing a first metal thin film layer
formed on the first one surface;

a third step of integrally adhering a second transfer sheet
provided with a second transparent conductive portion
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mainly composed of graphene to a second one surface of a
flexible transparent substrate having a two-dimensional form
by heat and pressure, and removing a releasable substrate
sheet thereof; and

a fourth step of removing a second metal thin film layer
formed on the second one surface; and a fifth step of adhering
the first and second one surfaces together by an adhesive in
opposed positions to keep electrical isolation between the
first and second transparent conductive portions, and forming
aresin layer or a pressure-sensitive conductive layer between
the first transparent conductive portion and the second con-
ductive portion. The transparent conductor includes the two
transparent conductive portions characterized by graphene
and has a three-dimensional form.

In a 32nd aspect of the present invention, there is provided
a capacitive touch input device contains a transparent con-
ductor having a routing circuit portion located near the trans-
parent electrode portion.

In a 33rd aspect of the present invention, there is provided
a resistive film type touch input device contains a transparent
conductor.

Advantageous Effects of Invention

In the transfer sheet of the present invention, the surface of
the releasable substrate sheet surface is extremely smooth,
and the metal thin film layer formed on the releasable sub-
strate sheet has an extremely small thickness. Therefore, the
metal thin film layer surface reflecting the smoothness of the
substrate sheet surface necessarily becomes extremely
smooth. Since the metal thin film layer that forms a base
thereof and is a catalyst has the extremely smooth surface,
generation of pinholes in the transparent conductive film
layer formed thereon is suppressed so that the transparent
conductive film layer can be formed stably even when the
transparent conductive film layer has an extremely small
thickness. Further, an effect of improving uniformity in thick-
ness of the transparent conductive film layer itself can be
achieved. Additionally, the graphene forming the transparent
conductive film layer has a function that the graphene has an
extremely high transparency.

Consequently, the use of the transfer sheet of the present
invention achieves an effect of manufacturing the transparent
conductor having good electrical conductivity and transpar-
ency. Improvement of the uniformity in thickness suppresses
generation of crease and the like of the transparent conductive
film layer at the time of transfer. Since the metal thin film
layer has an extremely small thickness, this facilitates a step
of removing the metal thin film layer after the adhesion to the
transfer subject, resulting in an effect that the transparent
conductor of high quality can be manufactured with high
productivity.

Further, since the transfer sheet of the present invention
uses the transparent conductive film layer mainly composed
of'the graphene having flexibility, the transparent conductive
film layer can be formed on the flexible transfer subject of a
two-dimensional form, and further can be formed on the
transfer subject of a three-dimensional form. This results in
an effect of increasing application fields and functions of the
portable electronic instruments equipped with the transparent
conductor. Since the metal thin film layer can be patterned in
the stage of forming the transfer sheet, the patterned trans-
parent conductive film layer can be obtained only by remov-
ing the metal thin film layer after the formation on the transfer
subject. Therefore, a step of patterning the transparent con-
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ductive film layer is not required after the formation on the
transfer subject, resulting in an effect of significantly simpli-
fying the steps.

Further, the routing circuit of the transfer sheet of the
present invention is also formed through patterning. There-
fore, steps of forming and patterning the routing circuit after
the formation on the transfer subject are not required, result-
ing in an effect of significantly simplifying the steps. Since
the routing circuit is formed in advance on the transfer sheet,
the routing circuit can be formed on the flexible transfer
subject as well as the transfer subject of a three-dimensional
form. Further, the routing circuit is formed as a part of a
transfer layer on the substrate sheet surface that is very
smooth and has releasability, the surface after the transferring
and formation on the transfer subject is flush, which achieves
an effect of improving the performance such as an abrasion
resistance and improving designability.

Further, the transparent conductor of the present invention
is obtained merely by preparing the patterned transparent
conductive film layer made of the two-dimensional sheet-like
transfer sheet, then integrating it with the transfer subject to
perform simultaneous molding and transferring, and remov-
ing the metal thin film layer. Therefore, effect of good mass-
productivity is achieved.

Further, in the formation of the transparent conductive film
layer mainly composed of graphene, the graphene is formed
on the metal thin film layer patterned on the transfer sheet
through CVD. Therefore, patterning with high-energy light
irradiation of, e.g., an electron beam is not required after the
whole film deposition. Further, the layers containing the
transparent conductive film can be transferred merely by
transferring the transfer sheet to the desired transfer subject.
Therefore, the graphene can be produced without a load more
than necessary, and the transparent conductor having good
quality and good productivity can be provided.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a cross
present invention;
FIG. 2 is a cross
present invention;
FIG. 3 is a cross
present invention;
FIG. 4 is a cross
present invention;
FIG. 5 is a cross
present invention;
FIG. 6 is a cross
present invention;
FIG. 7 is a cross
present invention;
FIG. 8 is a cross
present invention;
FIG. 9 is a cross
present invention;
FIG. 10 is a cross section view of a transfer sheet of the
present invention;
FIG. 11 is a cross section view of a transfer sheet of the
present invention;
FIG. 12 is a cross section view of a transfer sheet in a
transfer sheet manufacturing step of the present invention;
FIG. 13 is a cross section view of a transfer sheet in a
transfer sheet manufacturing step of the present invention;
FIG. 14 is a cross section view of a transfer sheet in a
transfer sheet manufacturing step of the present invention;
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FIG. 15 is a cross section view of a transfer sheet in a
transfer sheet manufacturing step of the present invention;

FIG. 16 is a cross section view of a transfer sheet in a
transfer sheet manufacturing step of the present invention;

FIG. 17 is a cross section view of a transfer sheet in a
transfer sheet manufacturing step of the present invention;

FIG. 18 is a cross section view of a transparent conductor of
the present invention;

FIG. 19 is a cross section view of a transparent conductor of
the present invention;

FIG. 20 is a cross section view of a transparent conductor of
the present invention in a transparent conductor manufactur-
ing step;

FIG. 21 is a cross section view of a transparent conductor of
the present invention in a transparent conductor manufactur-
ing step; and

FIG. 22 is a cross section view of a transparent conductor of
the present invention in a transparent conductor manufactur-
ing step.

DESCRIPTION OF EMBODIMENTS

Embodiments of the present invention will be described
below in detail with reference to the drawings. Sizes, mate-
rials, forms, and relative positions of parts and portions
described in the embodiments of the present invention are not
intended to restrict the scope of the present invention to them
unless otherwise described, and are mere illustration
examples.

FIG.1is a view showing a transfer sheet according to a first
embodiment of the present invention. Here, the transfer sheet
is a sheet that can transfer layers including a transparent
conductive film layer by pressing, heating, or the like to a
transfer subject of a two-dimensional form or a three-dimen-
sional form. Referring to FIG. 1, a transfer sheet 1 of the
present invention is formed of a substrate sheet 2, a metal thin
film layer 3, a transparent conductive film layer 4, and an
adhesive layer 5. The transfer sheet 1 of the present invention
has the metal thin film layer 3 formed partially on the sub-
strate sheet 2, and the transparent conductive film layer 4 is
formed along the metal thin film layer 3. The adhesive layer 5
is arranged on the outermost surface.

[Substrate Sheet]

The substrate sheet is employed for carrying the metal thin
film layer and the transparent conductive film layer. A surface
of the substrate sheet has good smoothness and releasability.
An arithmetic average roughness (Ra) of the surface of the
substrate sheet is preferably in a range of (0.1 nm=Ra<20
nm). When the arithmetic average roughness (Ra) of the
substrate sheet is larger than 20 nm, the metal thin film layer
formed on the substrate sheet has large irregularities. Conse-
quently, graphene produced on the metal thin film layer has
relatively small grain sizes and therefore low crystallinity,
resulting in a problem that the transparent conductive film
layer mainly composed of the graphene has a low conductiv-
ity. Conversely, when the arithmetic average roughness (Ra)
is lower than 0.1 nm, the irregularities of the substrate sheet
surface cannot be uniform. Consequently, the substrate sheet
has low releasability, resulting in a problem that the transpar-
ent conductive film layer cannot be transferred to the transfer
subject. The arithmetic average roughness (Ra) is inconfor-
mity with the Japanese Industrial Standards (JIS) B0601-
1994.

The substrate sheet preferably has a thickness of 10 pm to
500 um. When the substrate sheet has the thickness smaller
than 10 pm, the substrate sheet 2 loses rigidity, resulting in a
problem that the substrate sheet 2 cannot hold the metal thin
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film layer and the transparent conductive film layer when the
metal thin film layer and the transparent conductive film layer
are formed on the substrate sheet. However, a correlation is
present between the thickness of the substrate sheet and the
surface irregularities. Therefore, when the thickness of the
substrate sheet exceeds a certain thickness, i.e., when the
thickness of the substrate sheet exceeds 500 pm, the surface
form of the substrate sheet has a surface of the arithmetic
roughness (Ra) exceeding 20 nm, which causes the foregoing
problem.

The material of the substrate sheet is not particularly
restricted as long as the material has a heat resistance against
heat that occurs when the transparent conductive film layer is
formed as will be described later. A material having such heat
resistance is, e.g., resin such as polyaramid, polyimide, poly-
ether-imide, polysulfone, polyether sulfone, polyether ether
ketone, polyphenylene sulfide, polyethylene naphthalate,
polyimide-imide, polyallylate, high density polyolefin, poly-
carbonate, polyethylene terephthalate, polybutylene tereph-
thalate, polyvinylidene fluoride, polyvinyl fluoride, polyvi-
nylidene chloride, or liquid crystal polymer; or is glass such
as soda glass.

When the material forming the substrate sheet does not
have the releasability, releasing processing may be applied to
the substrate sheet. A manner of performing the releasing
processing on the substrate sheet may be (1) a manner of
performing low-pressure plasma processing on the substrate
sheet in an atmosphere of a fluorohydrocarbon-based com-
pound, (2) a manner of performing discharge plasma on the
substrate sheet in an atmospheric of argon and one or both of
acetone and helium, or (3) a manner of performing the releas-
ing processing on the substrate sheet under an atmospheric
pressure of a gas mixture of a gas containing fluorine atoms
and an inert gas by arranging solid dielectrics on opposed
electrode surfaces and using a discharge plasma generated by
applying an electric field across the opposed electrodes.
[Metal Thin Film Layer]

The metal thin film layer is a layer having a catalyst func-
tion for producing, on the substrate sheet, the graphene that is
a main component of the transparent conductive layer, and a
function of reflecting the smoothness of the substrate sheet on
the metal thin film layer. The material of the metal thin film
layer is metal such as copper, nickel, ruthenium, iron, cobalt,
iridium, platinum, or the like, alloy thereof, or the like. From
the viewpoint of reflecting the smoothness of the substrate
sheet on the metal thin film layer, the metal thin film layer of
the present invention preferably has a thickness 0f 0.01 um to
1 pm.

When the metal thin film layer has the thickness in a range
0f'0.01 pm to 1 pm, it is possible to reflect the smoothness of
the substrate sheet. Therefore, the metal thin film layer has a
smooth surface. As a result, since the graphene forming the
transparent conductive film layer has relatively large grain
sizes, a graphene film of a good conductivity can be formed.
When the metal thin film layer has the thickness in a range of
0.01 um to 1 um in the case of using the transfer sheet and
producing the transparent conductor made of the transfer
subject and the transparent conductive film layer, the metal
thin film layer has a thickness remarkably smaller than a
conventional thickness (15 pum, 25 pum) and therefore the
metal thin film layer can be removed within a short time in a
step of transferring the metal thin film layer and the transpar-
ent conductive film layer from the transfer sheet to the trans-
fer subject and removing only the metal thin film layer from
the transfer subject.

It is technically difficult to form a uniform film having a
metal thin film layer thinner than 0.01 um. Conversely, when
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the metal thin film layer is thicker than 1 pm, it is difficult to
reflect the smoothness of the substrate sheet, and the metal
thin film layer is liable to have large irregularities. Conse-
quently, large variations occur in thickness of the transparent
conductive layer formed on the metal thin film layer, resulting
in problems such as unstable conductivity and occurrence of
defects such as pin holes. Further, in the case of producing the
transparent conductor formed of the transfer subject and the
transparent conductive film layer using the transfer sheet, and
particularly in one of manufacturing steps for it, i.e., when the
metal thin film layer and the transparent conductive film layer
are transferred from the transfer sheet to the transfer subject,
and only the metal thin film layer is removed from the transfer
subject, a problem of requiring more time for removing the
metal thin film layer occurs if the metal thin film layer is
thicker than 1 pum,

It can be considered that when the metal thin film layer is
constructed as described above, the catalyst activity of the
metal promotes the chemical reaction to produce the
graphene film so that the graphene film along the form of the
metal surface is formed. Further, it can be considered as
follows. If the metal thin film layer described above is not
constructed, the smoothness of the underlying metal thin film
layer affects the smoothness of the graphene film. Therefore,
membered rings or the like occur for the energy stabilization
in bending portions and the like of the graphene film that is
not smooth, and the conductivity lowers.

Itcan also be considered that when the metal thin film layer
is not formed, the surface of the metal thin film layer is not
physically flat so that the carriers, i.e., electrons scatter to
lower the conductivity. A method of forming the metal thin
film layer may be a sputtering method, a vapor deposition
method, an ion-plating method, or the like.

[Transparent Conductive Film Layer]

The transparent conductive film layer is a layer mainly
composed of the graphene. The fact that a main ingredient is
the graphene means that one or a plurality of graphene films
occupy the largest weight ratio among substances configuring
the transparent conductive film layer. The transparent con-
ductive film layer may contain an impurity. The impurity is
amorphous carbon, metal of the metal thin film layer, or the
like. The metal of the metal thin film layer is a component
remaining in an etching step after the transfer to the transfer
subject. The transparent conductive film layer has a conduc-
tivity, and is configured such that a light transmittance of a
wavelength in a visible range is 80% or more as a whole. The
transparent conductive film layer preferably has a thickness
from 2 nm to 200 nm. This is because the thickness larger than
200 nm impedes the transparency of the transparent conduc-
tive film layer, and the thickness lower than 2 nm lowers the
conductivity of the transparent conductive film layer 4. The
transparent conductive film layer is formed by a Chemical
Vapor Deposition (CVD) or the like on only the patterned
metal thin film layer.

[Adhesion Layer]|

The adhesive layer is a layer for adhering the transfer
subject to the transfer sheet, and is formed on the surface of
the transfer sheet when required. The adhesive layer is made
of acrylic, vinyl resin, or the like, and has an insulation prop-
erty. This insulation property means insulation property of a
degree preventing at least short-circuit which is a cause of a
malfunction in the position detection when an input operation
is performed on a touch panel formed by including the trans-
parent conductor manufactured according to the present
invention. The adhesive layer is formed on the transfer sheet
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by a gravure coat method, a roll coat method, a comma coat
method, a gravure print method, a screen print method, an off
set print method, or the like.

FIG. 2 is a view showing a modification of a transfer sheet
according to the first embodiment. Since the transfer sheet has
the same basic configuration as the transfer sheet of the first
embodiment, only differences will be described below. Refer-
ring to FIG. 2, a metal thin film layer 3 and a transparent
conductive film layer 4 may be formed on a whole surface of
the substrate sheet 2.

FIG. 3 is a view showing a transfer sheet according to a
second embodiment of the present invention. Since the trans-
fer sheet has the same basic configuration as the transfer sheet
of the first embodiment, only differences will be described
below.

[Release Layer]

Referring to FIG. 3, the transfer sheet of the second
embodiment includes a release layer 6 between a transparent
conductive film layer 3 and a substrate sheet 2. The release
layer 6 is peeled together with the substrate sheet 2 from a
transfer subject when the substrate sheet 2 is peeled oft from
the transfer subject after the transparent conductive film layer
4 and the like are transferred to the transfer subject using the
transfer sheet 1, and the release layer 6 is formed on the
substrate sheet 2. By forming the release layer on the sub-
strate sheet, a peeling weight of the substrate sheet (i.e., a
force required for peeling) can be adjusted. Additionally, in a
case where the release layer is formed on the substrate sheet,
even when the surface of the substrate sheet has irregularities,
the release layer covers the substrate sheet to fill the irregu-
larities of the substrate sheet surface. Therefore, the release
layer surface on which the metal thin film layer is formed
can have a surface of the arithmetic roughness (Ra) of
(1 nm=Ra=20 nm). The release layer is formed even though
the substrate sheet has irregularities on its surface. As aresult,
this can prevent, similarly to the transfer sheet of the first
embodiment, such problems that the conductivity of the
transparent conductive film layer mainly composed of the
graphene lowers, and that the releasing property of the release
layer lowers. The material of the release layer is not particu-
larly restricted as long as the material has a predetermined
releasing property and a heat resistance against heat generat-
ing at the time of formation of the transparent conductive film
layer, and can provide the surface of the release layer having
good smoothness when the release layer is formed on the
substrate sheet. A material of the release layer may be ther-
mosetting acrylic, thermosetting polyester, thermosetting
urethane, acrylic, epoxy, melamine, silicone, fluorine, or the
like. A formation method of the release layer may be appli-
cation by a roll coat method, a gravure print method, a screen
print method, a die coat method, or the like.

FIG. 4 is a view showing a modification of the transfer
sheet according to the second embodiment. Since the transfer
sheet has the same basic configuration as the transfer sheet of
the second embodiment, only differences will be described
below. Referring to FIG. 4, a release layer 6, a metal thin film
layer 3 and a transparent conductive film layer 4 may be
formed on a whole surface of a substrate sheet 2.

FIG. 5 is a view showing a transfer sheet according to a
third embodiment of the present invention. Since the transfer
sheet has the same basic configuration as the transfer sheet of
the second embodiment, only differences will be described
below.

Referring to FIG. 5, a transfer sheet 1 has a routing circuit
pattern layer 5 which extends continuously from an end of a
transparent conductive film layer 4 over a substrate sheet 2
along forms of end surfaces of a transparent conductive film
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layer 4 and a metal thin film layer 3. An adhesive layer 7 is
formed over a whole surface of the respective layers. When
the transfer sheet has the structure described above, the trans-
ferred routing circuit pattern layer 5 is formed of a portion
coated with the metal thin film layer 3 and the transparent
conductive film layer 4 and a portion exposed at the surface.
In the coated portion, the transparent conductive film layer 4
protects the routing circuit pattern layer 5. This results in an
advantage of preventing corrosion of the routing circuit pat-
tern layer 5 when the metal thin film layer 3 is removed by the
etching or the like. In the exposed portion, such an advantage
is achieved that direct electrical connection to an external
circuit can be performed after the transfer.

[Routing Circuit Pattern Layer]

The routing circuit pattern layer is a layer for transmitting
electric signals detected by the transparent conductive film
layer to an external circuit. A material thereof may be metal
such as gold, silver, copper, aluminum, nickel, or palladium;
or electrically conductive ink containing powder of such
metal; and also may be an electrically conductive substance
containing an organic conductive material of carbon or the
like. The routing circuit pattern layer may be formed by a
print method such as screen print, gravure print, ink-jet print,
or letterpress print.

FIG. 6 is a view showing a modification of the transfer
sheet of the third embodiment. Since the transfer sheet has the
same basic configuration as the transfer sheet of the third
embodiment, only differences will be described below.

Referring to FIG. 6, a transfer sheet has a routing circuit
pattern layer 5 which extends from an end of a transparent
conductive film layer 4 over a metal vapor-deposited layer 3
along a form of an end surface of the transparent conductive
film layer 4. When the transfer sheet has the structure
described above, the transferred routing circuit pattern layer 5
is formed of a portion coated with the metal thin film layer 3
and the transparent conductive film layer 4 and a portion
coated with only the metal thin film layer 3. In the portion
coated with the metal thin film layer 3 and the transparent
conductive film layer 4, the transparent conductive film layer
protects the routing circuit pattern layer. This results in an
advantage that corrosion of the routing circuit pattern layer
can be prevented when the metal thin film layer 3 is removed
by etching or the like. The portion coated with only the metal
thin film layer 3 can provide an advantage that when the
etching or the like removes the metal thin film layer, the
routing circuit pattern layer is exposed so that direct electrical
connection to an external circuit can be performed.

FIG. 7 is a view showing a transfer sheet according to a
fourth embodiment of the present invention. Referring to
FIG. 7, a transfer sheet 1 has a structure in which a release
layer 6, a metal vapor-deposited layer 3, and a transparent
conductive film layer 4 are formed over a whole surface of a
substrate sheet 2, and a routing circuit pattern layer 5 is
partially formed on the transparent conductive film layer 4.
The adhesive layer 7 is formed over a whole surface of the
transfer sheet 1.

Referring to FIG. 7 again, when the transfer sheet 1 has the
above structure, the transferred routing circuit pattern layer is
entirely coated with the transparent conductive film layer.
Therefore, the transparent conductive film layer protects the
routing circuit pattern layer, resulting in an advantage that the
corrosion of the routing circuit pattern layer can be prevented
when the metal thin film layer 3 is removed by the etching or
the like. However, the transparent conductive film layer is
interposed in electric connection to an external circuit so that
particular attention must be paid to prevent increasing of a
contact resistance value.



US 9,215,797 B2

15

FIG. 81s a view showing a transfer sheet according to a fifth
embodiment. Since the transfer sheet has the same basic
configuration as the transfer sheet of the fourth embodiment,
only differences will be described below.

Referring to FIG. 8 again, a transfer sheet 1 according to
the fifth embodiment of the present invention differs from the
transfer sheet according to the fourth embodiment in that a
routing circuit pattern layer 5 is formed between a release
layer 6 and a metal thin film layer 3. Since the routing circuit
pattern layer is formed between the release layer and the
metal thin film layer as described above, the transferred rout-
ing circuit pattern layer is entirely exposed on the surface.
Therefore, a whole of the transferred routing circuit pattern
layer can be electrically connected to an external circuit,
resulting in an advantage that a position of the terminal can be
selected from a wide range when the routing circuit pattern
layer is handled as a terminal, and therefore easy electrical
connection is allowed.

FIG. 9 is a view showing a modification of the transfer
sheet of the fourth embodiment. Since the transfer sheet has
the same basic configuration as the transfer sheet of the fifth
embodiment, only differences will be described below.

Referring to FIG. 9 again, a transfer sheet 1 differs from the
transfer sheet 1 of the fourth embodiment in that a metal thin
film layer 3 and a transparent conductive film layer 4 are
formed independently of each other on a substrate sheet 2.
When the transfer sheet has the above configuration, the
patterned transparent conductive layer can be obtained only
by removing the metal thin film layer after the transfer so that
it is not necessary to pattern the transparent conductive film
layer 4 after the transfer, resulting in an advantage that the
productivity can be significantly improved.

FIG. 10 is a view showing a transfer sheet according to a
sixth embodiment. Since the transfer sheet has the same basic
configuration as the transfer sheet of the fourth embodiment,
only differences will be described below.

Referring to FIG. 10 again, a transfer sheet 1 according to
the sixth embodiment is formed of a substrate sheet 2, a
release layer 6, a metal thin film layer 3, a transparent con-
ductive film layer 4, a routing circuit pattern layer 5, and an
adhesive layer 7. The transfer sheet 1 of the sixth embodiment
differs from the transfer sheet 1 of the fourth embodiment in
that the metal thin film layer 3 is formed under the routing
circuit pattern layer 5, and the transparent conductive film
layer 4 is located adjacent to the routing circuit pattern layer
5 and is formed on the metal thin film layer 3. Since the metal
thin film layer is formed under the routing circuit pattern
layer, and the transparent conductive film layer is located
adjacent to the routing circuit pattern layer and is formed on
the metal thin film layer as described above, the patterned
transparent conductive layer can be obtained only by remov-
ing the metal thin film layer after the transter. Consequently,
it is not necessary to pattern the transparent conductive film
layer after the transfer, resulting in an advantage that the
productivity can be significantly improved. Also, a terminal
for electrical connection to an external circuit can be formed
only by removing the metal thin film layer after the transfer,
resulting in an advantage that a position of the terminal can be
selected from a wide range, and easy electrical connection is
allowed.

FIG. 11 is a view showing a transfer sheet according to a
seventh embodiment of the present invention. Since the trans-
fer sheet has the same basic configuration as the transfer sheet
of' the fourth embodiment, only differences will be described
below.

Referring to FIG. 11 again, a transfer sheet 1 according to
the seventh embodiment is formed of a substrate sheet 2, a
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release layer 6, a metal thin film layer 3, a transparent con-
ductive film layer 4, a routing circuit pattern layer 5, and an
adhesive layer 7. The transfer sheet 1 according to the seventh
embodiment differs from the transfer sheet 1 according to the
fourth embodiment in that the transparent conductive film
layer 4 is located adjacent to the routing circuit pattern layer
5 and is formed on the metal thin film layer 3.

According to the above configuration of the transfer sheet,
when the metal thin film layer is removed by etching or the
like, a whole surface of the transferred routing circuit pattern
layer is exposed. Therefore, the transferred routing circuit
pattern layer can be entirely used as a terminal for electrical
connection to an external circuit, resulting in an advantage
that a position of the terminal can be selected from a wide
range, and therefore easy electrical connection is allowed.

A manufacturing method of the transfer sheet will be
described below.

FIG. 12 shows a manufacturing method of the transfer
sheet of the first embodiment. Referring to FIG. 12, the manu-
facturing method of the transfer sheet includes a step of
partially forming a mask layer 8 on the substrate sheet 2, a
step of forming the metal thin film layer 3 on the substrate
sheet 2 and the mask layer 8; a step of peeling and removing
the mask layer 8 and the metal thin film layer 3 formed on the
mask layer 8 with a solvent to form the metal thin film layer
3 partially on the substrate sheet 2, and a step of forming the
transparent conductive film layer 4 mainly composed of
graphene on the metal thin film layer partially formed on the
substrate sheet 2.

Referring to FIG. 12(a), the first step of the manufacturing
method of the transfer sheet according to the present inven-
tion partially forms the mask layer 8 on the substrate sheet 2.

The mask layer of the present invention is a layer that is
soluble in a solvent. A material of the mask layer is Poly-
Vinyl Alcohol (PVA), water-soluble acryl resin, or the like.
The solvent is aqueous solution, alcoholic solution, or the
like. A forming method is a print method such as offset print,
screen print, gravure print, ink-jet print, or letterpress print.
These methods have features that steps are fewer than those of
a photoresist method to be described later.

Referring to FIG. 12(5), the second step includes a step of
forming the metal thin film layer 3 on the mask layer 8 and the
releasable substrate sheet 2. In the case of forming the metal
thin film layer 3, the metal thin film layer 3 is formed on the
whole surface of the substrate sheet 2 by the sputtering
method, vapor deposition method, ion-plating method, or the
like.

Referring to FIG. 12(¢), the third step removes the metal
thin film layer 3 formed on the mask layer 8 by solvent
cleaning to form the metal thin film layer 3 partially on the
substrate sheet 2 and the mask layer 8. An aqueous solution,
alcohols, or the like is often used as the solvent.

Referring to FIG. 12(d), the fourth step includes a step of
forming the transparent conductive film layer 4 mainly com-
posed of the graphene on the metal thin film layer 3. The
method of forming the transparent conductive film layer 4
mainly composed of the graphene on the metal thin film layer
3 is preferably a Chemical Vapor Deposition (CVD) method,
and a microwave plasma CVD method is preferable among
the chemical vapor deposition methods.

When the microwave plasma CVD is used, it is possible to
control a distribution of energy density of the generated
plasma and to perform film deposition of the graphene, using
the microwave plasma under conditions of relatively low
pressure and low temperature. Therefore, it is possible to
reduce damages on the substrate sheet 2 holding the transpar-
ent conductive film layer. Further, a side of the releasable
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substrate sheet 2 opposite to the side on which the graphene is
deposited is cooled. This can also reduce the damages on the
substrate sheet. Since the transparent conductive film layer
can be formed on the substrate sheet via the metal thin film
layer located therebetween under the condition of a relatively
low temperature, a flexible film can be used as the substrate
sheet. This allows employment of a roll-to-roll system in the
formation of the transparent conductive film layer, and all the
steps for manufacturing the transfer sheet can employ the
roll-to-roll system so that the productivity of the transfer sheet
remarkably increases.

A material gas of the microwave plasma CVD is a mixture
of carbon hydride and noble gas, or the like. The carbon
hydride is, e.g., methane (CH,), ethane (C,Hy), propane
(C;Hy), acetylene (C,H,), or the like, and the noble gas is,
e.g., helium (He), neon (Ne), argon (Ar), or the like. In a state
where a pressure in a chamber of the CVD device is reduced,
atotal pressure by a gas mixture in the device is set to a range
from 10 Pa to 400 Pa. When the total pressure of the gas
mixture in the device is lower than 10 Pa, a problem of slow
reaction progression occurs. Conversely, when the total pres-
sure of the gas mixture in the device is higher than 400 Pa, a
problem of temperature rising in the chamber occurs. A small
amount of hydrogen may be mixed into this gas mixture.
Since the energy density of the plasma can be controlled as
already described, the total pressure attained by the gas mix-
ture in the device can be kept relatively low by appropriately
setting the energy density only in a required spaced. Thereby,
the temperature in the chamber can be kept relatively low, and
the heating of the transfer sheet to be manufactured can be
suppressed. The temperature in the chamber of the CVD
device is in a range from 200° C. to 400° C. When the
temperature in the chamber is lower than 200° C., there
occurs a problem of lowering the crystallinity of the produced
graphene Conversely, when the temperature in the chamber is
higher than 400° C., there occurs a problem of extension,
shrinkage and the like of the substrate sheet due to a high
temperature.

The processing in the first to fourth steps produces the
transfer sheet. Also, the above processing can directly form
the transparent conductive film mainly composed of the pat-
terned graphene on the transfer sheet. Therefore, the pattern-
ing step by the oxidation etching or an electron beam after the
graphene deposition is not required. Further, the transparent
conductive film layer mainly composed of the graphene is
formed on the transfer sheet. Therefore, the transparent con-
ductive film can be formed extremely easily on the desired
transfer subject by the transfer. Owing to this, melting of the
metal substrate and transfer to another substrate are not per-
formed after the formation of the graphene. Owing to the
above, the produced graphene can be formed on the substrate
sheet and the transfer subject without a damage more than
necessary.

Referring to FIG. 13, the release layer 6 may be formed on
the substrate sheet 2 before the first step from FIG. 13(a)
when necessary. From FIG. 13(f), after the fourth step, an
adhesive layer 5 may be formed on the whole surface includ-
ing the transparent conductive film layer 4. The materials and
the formation methods of the adhesive layer 5 and the release
layer 6 are as described before.

FIG. 14 shows another form of the manufacturing method
of the transfer sheet of the first embodiment. The basic con-
figuration of the manufacturing method of the transfer sheet is
the same as that of the manufacturing method of the transfer
sheet of the first embodiment, and therefore only differences
will be described below.
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Referring to FIG. 14, the aspect of the manufacturing
method of the transfer sheet includes a step of forming the
metal thin film layer 3 entirely on the substrate sheet 2, a step
of forming a resist layer 9 partially on the metal thin film layer
3 to form a portion provided with the resist layer and a portion
not provided with the resist layer on the metal thin film layer
3, a step of peeling and removing the metal thin film layer 3
from the portion not provided with the resist layer 9 with a
solvent, and thereby forming the metal thin film layer 3 and
the resist layer 9 partially on the substrate sheet 2, a step of
exposing the metal thin film layer 3 on the surface by remov-
ing the resist layer 9 with a solvent, and a step of forming the
transparent conductive film layer 4 mainly composed of the
graphene on the metal thin film layer 3 exposed on the sur-
face.

Referring to FIG. 14(a), in the first step, the metal thin film
layer 3 is formed on the substrate sheet 2.

Referring to FIG. 14(b), in the second step, the resist layer
9 is formed partially on the metal thin film layer 3 to form the
portion provided with the resist layer 9 and the portion not
provided with the resist layer 9 on the metal thin film layer 3.
The material of the resist layer 9 may be a resin that can form
a photoresist, and may be, e.g., novolac resin or the like.

A forming method of the resist layer 9 generally employs a
photoresist method. The photoresist method has a feature that
the method can perform more precise patterning owing to use
of light, as compared with the method of directly patterning
the mask layer shown in FIG. 13 by a print method. As a
specific method for forming the resist layer may be used, the
resist layer can be formed on the whole surface of the sub-
strate sheet by the print method such as screen print, gravure
print, ink-jet print, or letterpress print; or by adhering the
resist film provided with the resist layer to the metal thin film
layer formed on the substrate sheet by heat and pressure. After
forming the resist layer in the above method, the resist layer is
irradiated with light to cause reactive hardening of the irradi-
ated portion in an exposure step, and the portion which has not
been irradiated with light is removed by a developing step so
that the resist layer is partially formed. In the above case, as
kinds of the resist layer, there is described a negative type in
which exposure lowers solubility with respect to a developer
and an exposed portion remains after development. However,
the resist layer may be of a positive type in which exposure
increases solubility with respect to a developer and an
exposed portion is removed after development.

Referring to FIG. 14(c), in the third step, etching with acid,
alkaline aqueous solution, or the like is performed to remove
the metal thin film layer 3 from the portion not provided with
the resist layer 9 so that the metal thin film layer 3 and the
resist layer 9 are formed partially on the substrate sheet 2. As
the acid, hydrochloric acid, sulfuric acid, nitric acid, or the
like may be used, and sodium hydrate aqueous solution may
be used as the alkaline aqueous solution.

Referring to FIG. 14(d), in the fourth step, the resist layer
9 is removed with a solvent to expose the metal thin film layer
3 onthe surface. Inthe case of the positive type, the solvent for
removing the resist layer may be an aqueous solution of an
organic quaternary base that is strong alkali. The organic
quaternary base may be tetramethyl ammonium hydroxide,
tetrabutyl ammonium hydroxide, or the like.

Referring to FIG. 14(e), the processes through the first to
fourth steps can perform precise patterning as compare with
the case where the metal thin film layer is patterned with the
mask layer.

FIG. 15 shows a manufacturing method of the transfer
sheet of the second embodiment. Referring to FIG. 15, the
manufacturing method of the transfer sheet of the second



US 9,215,797 B2

19
embodiment forms the release layer 6 on the substrate sheet
before FIG. 14(a) in FIG. 14, and forms the adhesive layer 5
on the surface including the transparent conductive film layer
4 etc. after FI1G. 14(f). The material and the forming method of
the adhesive layer 5 and the release layer 6 are the same as
those already described.

FIG. 16 shows a manufacturing method of the transfer
sheet of the third embodiment. FIG. 16 is a view showing the
manufacturing method of the transfer sheet of the third
embodiment. The basic configuration is the same as that of the
manufacturing method of the first embodiment, and therefore
only differences will be described below.

Referring to FIG. 16, the manufacturing method of the
transfer sheet of the third embodiment includes a step of
partially forming the mask layer 8 on the substrate sheet 2, a
step of forming the routing circuit pattern layer 5 in a region
on the substrate sheet 2 not provided with the mask layer 8, a
step of forming the metal thin film layer 3 on the mask layer
8, the routing circuit pattern layer 5, and the substrate sheet 2,
a step of peeling and removing the mask layer 8 and the metal
thin film layer 3 formed on the mask layer 8 with a solvent to
form the metal thin film layer 3 on the substrate sheet 2 and the
routing circuit pattern layer 5, and a step of forming the
transparent conductive film layer 4 mainly composed of the
graphene on the metal thin film layer 3 formed on the sub-
strate sheet 2 and the routing circuit pattern layer 5.

Referring to FIG. 16(a), in the first step of the manufactur-
ing method of the transfer sheet of the third embodiment, the
mask layer 8 is partially formed on a portion of the substrate
sheet 2.

Referring to FIG. 16(4), in the second step, the routing
circuit pattern layer 5 is formed in a region on the substrate
sheet 2 not provided with the mask layer 8. The forming
method of the routing circuit pattern layer 5 may be a print
method such as screen print, gravure print, ink-jet print, or
letterpress print. The material of the routing circuit pattern
layer 5 may be metal such as gold, silver, copper, aluminum,
nickel, or palladium; or electrically conductive ink containing
powder of such metal; and also may be an electrically con-
ductive substance containing an organic conductive material
such as carbon or the like.

Referring to FIG. 16(c), in the third step, the metal thin film
layer 3 is formed on the substrate sheet 2, the mask layer 8 and
the routing circuit pattern layer 5.

Referring to FIG. 16(d), in the fourth step, the mask layer
8 and the metal thin film layer 3 formed on the mask layer 8
are peeled and removed with a solvent to form the metal thin
film layer 3 on the substrate sheet 2 and the routing circuit
pattern layer 5.

Referring to FIG. 16(e), in the fifth step, the transparent
conductive film layer 4 mainly composed of the graphene is
formed on the metal thin film layer 3 formed on the substrate
sheet 2 and the routing circuit pattern layer 5.

The processes through the first to fifth steps can produce
the transfer sheet.

When necessary, the adhesive layer 7 may be formed on the
transparent conductive film layer 4 after the fifth step. The
material and the forming method of the adhesive layer 7 are
the same as those already described.

When necessary, the release layer 6 may be formed on the
substrate sheet 2 before the first step. The material and the
forming method of the release layer 6 are the same as those
already described.

When necessary, the step of forming the routing circuit
pattern layer 5 may be executed prior to the step of forming
the mask layer 8. According to the above configuration, when
the mask layer is transparent or semitransparent, and the
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positioning with respect to the routing circuit pattern layer 5
is difficult, the opaque routing circuit pattern layer 5 can be
arranged before forming the mask layer 8 to facilitate the
positioning thereof.

When necessary, the step of forming the routing circuit
pattern layer 5 may be executed between the step of forming
the metal thin film layer 3 and the step of peeling and remov-
ing the mask layer 8. In this case, the routing circuit pattern
layer 5 is formed on the metal thin film layer 3 formed on the
substrate sheet 2 and particularly on the metal thin film layer
3 under which the mask layer is not formed. According to this
configuration, the routing circuit pattern layer 5 can be
exposed only by removing the metal thin film layer 3 so that
the electrical connection to an external circuit can be easily
performed.

When necessary, the step of forming the routing circuit
pattern layer 5 may be performed between the step of peeling
and removing the mask layer 8 and the step of forming the
transparent conductive film layer 4. In this case, the routing
circuit pattern layer 5 is formed on a portion of the metal thin
film layer 3 which is not peeled and removed from the sub-
strate sheet 2. According to this configuration, the influence
of the solvent used in the step of peeling and removing the
mask layer 8 does not directly affect the routing circuit pattern
layer 5 so that the routing circuit pattern layer 5 can be formed
without taking disadvantages such as corrosion into consid-
eration.

When necessary, the step of forming the routing circuit
pattern layer 5 may be executed after the step of forming the
transparent conductive film layer 4. In this case, the routing
circuit pattern layer 5 is formed on the transparent conductive
film layer 4. According to this structure, the transparent con-
ductive film layer is formed on the transferred routing circuit
pattern layer so that the transparent conductive film layer
protects the routing circuit pattern layer.

FIG. 17 shows a second embodiment of the manufacturing
method of the transfer sheet of the third embodiment. The
basic configuration of the manufacturing method of the trans-
fer sheet is the same as that of the manufacturing method of
the transfer sheet according to the first embodiment, and
therefore only differences will be described below.

Referring to FIG. 17, the second embodiment includes a
step of forming partially the routing circuit pattern layer 5 on
the substrate sheet 2, a step of forming the metal thin film
layer 3 on the routing circuit pattern layer 5 and the substrate
sheet 2, a step of forming partially the resist layer 9 on the
metal thin film layer 3 formed on the substrate sheet 2, a step
of peeling and removing the metal thin film layer 3 from a
portion not provided with the resist layer 9 with a solvent to
form partially the metal thin film layer and the resist layer 9 on
the substrate sheet 2, a step of removing the resist layer 9 with
a solvent to expose the metal thin film layer 3 on the surface,
and a step of forming the transparent conductive film layer 4
mainly composed of the graphene on the metal thin film layer
3 having the exposed surface.

Referring to FIG. 17(a), the first step forms partially the
routing circuit pattern layer 5 on the substrate sheet 2.

Referring to FIG. 17(b), the second step forms the metal
thin film layer 3 on the routing circuit pattern layer 5 and the
substrate sheet 2.

Referring to FIG. 17(c), the third step forms the resist layer
9 partially on the metal thin film layer 3 formed on the sub-
strate sheet 2.

However, when fine patterning is to be performed, it is
preferable to use, as the resist layer, resin that can provide
photo-resist and, for example, to use novolac resin, tetram-
ethyl ammonium hydroxide, or the like. In this case, after the
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resist layer is formed in the above method, the resist layer is
irradiated with light to cause reactive hardening in the irradi-
ated portion in the exposure step. Then, the resist layer is
partially formed through the developing step of removing a
portion not irradiated with the light.

Referring to FIG. 17(d), the fourth step peels and removes
the metal thin film layer 3 by a solvent from a portion not
provided with the resist layer 9 to form partially the metal thin
film layer 3 and the resist layer 9 on the substrate sheet 2

Referring to FIG. 17(e), the fifth step removes the resist
layer 9 with a solvent to expose the metal thin film layer 3 on
the surface thereof. The organic quaternary base may be used
as the solvent for removing the resist layer 9. The organic
quaternary base may be tetramethyl ammonium hydroxide,
tetrabutyl ammonium hydroxide, or the like.

The processes through the first to fifth steps can perform
more precise patterning than the case of patterning the metal
thin film layer 3 with the mask layer 8.

When necessary, the adhesive layer 7 may be formed after
the fifth step. The material and forming method of the adhe-
sive layer 7 are the same as those already described.

When necessary, the release layer 6 may be formed on the
substrate sheet 2 before the first step. The material and the
forming method of the release layer 6 are the same as those
already described.

When necessary, the step of forming the routing circuit
pattern layer 5 may be performed between the step of forming
the metal thin film layer 3 and the step of forming the resist
layer 9. In this case, the routing circuit pattern layer 5 is
formed on a portion of the metal thin film layer 3 formed on
the substrate sheet 2. The resist layer 9 is formed partially on
the routing circuit pattern layer 5 and the metal thin film layer
3. According to the above configuration, when the resist layer
is transparent or semitransparent, and the positioning with
respect to the routing circuit pattern layer is difficult, the
opaque routing circuit pattern layer can be arranged before
the resist layer is formed, to facilitate the positioning thereof.

When necessary, the step of forming the routing circuit
pattern layer 5 may be performed between the step of expos-
ing the metal thin film layer 3 on the surface by removing the
resist layer 9 and the step of forming the transparent conduc-
tive film layer 4. In this case, the routing circuit pattern layer
is formed on a portion of the metal thin film layer formed
partially on the substrate sheet. In this configuration, the
routing circuit pattern layer can be exposed only by removing
the metal thin film layer so that the electrical connection to an
external circuit can be easily performed.

When necessary, the step of forming the routing circuit
pattern layer 5 may be performed after the step of forming the
transparent conductive film layer 4. In this case, the routing
circuit pattern layer 5 is formed on the transparent conductive
film layer 4. In this configuration, the transparent conductive
film layer 4 is formed on the transferred routing circuit pattern
layer so that the transparent conductive film layer protects the
routing circuit pattern layer.

Next, a transparent conductor produced using the transfer
sheet will be described below.

FIG. 18 is a view showing a transparent conductor 11
manufactured using the transfer sheet according to the first or
second embodiment. Referring to FIG. 18, the transparent
conductor 11 of the present invention includes a transfer
subject 10 as well as the routing circuit pattern layer 5 formed
on the transfer subject 10, and the transparent conductive film
layer 4.

The transfer subject 10 is not particularly restricted as long
as the transfer subject 10 is transparent, is not electrically
conductive, and has a certain hardness. The transfer subject
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10 may have a film-like form, and also may be a three-
dimensional molded product. The material of the transfer
subject 10 is, e.g., glass, polyethylene terephthalate (PET),
polyethylene, polypropylene, polystyrene, polyester, poly-
carbonate (PC), polyvinyl chloride, acrylic, or the like. The
transfer subject 10 of a film-like form preferably has a thick-
ness of 30 pm to 200 pm.

FIG. 19 is a view showing a transparent conductor 11
manufactured using the transfer sheet according to any one of
the third to seventh embodiments of the present invention.
The basic configuration of the transparent conductor of the
embodiment is the same as the transparent conductor
described above, and therefore only differences will be
described below. Referring to FIG. 19, the transparent con-
ductor 11 of the present invention includes a transfer subject
10 and also includes an adhesive layer 7 formed on the trans-
fer subject 10, a routing circuit pattern layer 5, and a trans-
parent conductive film layer 4.

Finally, a manufacturing method of the above transparent
conductor will be described.

The transparent conductor of the present invention is trans-
parent and electrically conductive. The transparent conductor
is obtained by the transfer of the transfer sheet of the present
invention to the transfer subject and removal of the metal thin
film layer. The manufacturing method of the transparent con-
ductor will now be discussed below in detail.

First, the transfer will be described. When the transfer
subject is flexible and has a two-dimensional form, a roll
transfer method, an up-down transfer method, or the like is
employed. When the transfer subject has a three-dimensional
form, a pad transfer method, a vacuum transfer method, a
simultaneous molding and transterring method, or the like
may be used in addition to the roll-transfer method and the
up-down transfer method. The roll transfer method uses a
transferring machine provided with a columnar heat roll
made of silicon rubber, and the roll presses the transfer sheet
in contact with the transfer subject, and the releasable sub-
strate sheet is removed. In the up-down transfer method, the
transfer sheet is pressed against the transfer subject by a
heated flat rubber, and the releasable substrate sheet is
removed. The pad transfer method uses a pad of a form
corresponding to a form of the transfer subject. In the vacuum
transfer method, a die having a form corresponding to that of
the transfer subject has fine holes, and the transfer sheet is
located along the form of the die and is kept into tight contact
with the die in a depressurized and heated state. The transfer
subject is brought into contact with the transfer sheet, and the
releasable substrate sheet is removed. The transfer is per-
formed under the conditions of temperature of 70° C. to 280°
C. and pressure of 40 kg/m® to 180 kg/m>. The selection of
these transfer methods depends on the form of the transfer
subject in order to apply the uniform heat and uniform pres-
sure during the transfer. The up-down transfer is effective for
the transfer subject of a substantially flat form, and the roll
transfer is effective for the transfer subject having a flat form
or a simple sectional form. The pad transfer and the vacuum
transfer are effective for the complicated form.

For the transfer to the three-dimensional form, the vacuum
molding method is effective. The vacuum molding method
will be described below. Referring to FIG. 20(a), the transfer
sheet 1 is arranged on a movable die 15-side of injection
molding dies with its adhesion surface opposed to a fixed die
16-side. A heater plate 17 arranged between the movable and
fixed dies 15 and 16 applies heat to the transfer sheet to soften
the transfer sheet, and simultaneously an air is sucked and
discharged through the plurality of fine holes (vacuum holes
18) in the movable die to reduce a pressure in a space formed
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between the movable die and the transfer sheet. Referring to
20(b), the space disappears and the softened transfer sheet
takes a three-dimensional form along the movable die. The
form ofthe movable die is complementary to one of the desire
shapes of the transparent conductor. The transfer sheet of the
three-dimensional form thus obtained is transferred to the
transfer subject by any one of the foregoing transfer methods.
Referring to FIGS. 20(c) and 20(d), for example, the transfer
sheet of the three-dimensional form is fitted to the transfer
subject, and is transferred by the roll transfer machine.

Conversely, the transfer may be performed by the molding-
simultaneous transfer method which performs the molding
simultaneously with the transfer and achieves good produc-
tivity. In the molding-simultaneous transfer method, a trans-
fer sheet is pinched between closed dies, and injection mold-
ing of melted molding resin is performed. Simultaneously, a
transparent conductive layer and the others on the transfer
sheet are adhered to a resin-molded product, and functional
layer (the transparent conductive layer or the like) is trans-
ferred so that the molded resin article including the functional
layer at its surface is obtained. Referring to FIG. 21(a), the
transfer sheet 1 (having the routing circuit also in the trans-
parent conductive portion 8) of the present invention is
arranged between the dies (movable and fixed dies 15 and 16)
for the injection molding and is located on the side of the
movable die 15 with the adhesive layer 5 of the transfer sheet
1 opposed to the fixed die 16. Referring to FI1G. 21(5), the dies
are closed. A space (molding space 21) formed by closing the
movable and fixed dies 15 and 16 has a width, height, and
depth corresponding to the desired width, height, and depth of
the transparent conductor, respectively. Referring to FIG.
21(c), in the die-closed state, melted molding resin 22 is
supplied into the molding space 21 through a gate 23 and is
solidified so that the transfer sheet 1 is integrally adhered to
the molded resin 22. The dies are opened, and the substrate
sheet 7 of the releasable transfer sheet 1 is removed so that a
layer 24 including the transparent conductive film layer 4 is
formed on a surface of a molded resin article (transparent
conductor) 25.

The mold resin is not particularly restricted as long as the
mold resin can take a melted state at a high temperature.
Polyethylene, acrylic resin, polystyrenic resin, polyacryloni-
trile styrenic resin, polyester, polycarbonate, or the like may
be employed.

In the case of transfer to a more complicated form, the
extension of the transfer sheet cannot follow the form of the
transfer subject, resulting in problems of distortion, breakage,
or the like of the transparent conductive film layer. For deal-
ing with this problem, such a method is employed that the
transfer sheet is molded in advance by a vacuum molding
method and is transferred to a surface of a three-dimensional
form by a molding-simultaneous transfer method. In a state
where the transfer sheet of the three-dimensional form is
obtained in FIG. 20(b), the heater plate 17 is removed, the dies
are closed, the molding resin 22 is injected into the molding
space 21 to become integral with the transfer sheet, the dies
are opened, and the releasable substrate sheet is removed so
that the transparent conductor is obtained.

The etching liquid is used in the etching for removing the
metal thin film layer. The metal thin film layer serves as a
catalyst in production of the graphene that is a main ingredi-
ent of the transparent conductive film layer, and is specifi-
cally, copper, nickel, ruthenium, iron, cobalt, iridium, plati-
num, or the like. A pH and a composition of the etching liquid
basically depend on a relation with metal used in the metal
thin film layer, and a potential-pH diagram (metal-aqueous)
can bereferred to for the pH and the composition. The etching
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liquid is selected to attain the pH and the potential within a
corrosion region where the metal corrodes and the metal ions
or the ions of the metal compound become stable, other than
both of an a metamorphosis region where the metal does
not cause a chemical reaction and stably exists, and a passive
state region where a chemical reaction initially occurs
under a specific potential-pH condition and chemically inert
chemical species are produced under the this condition.
For example, a corrosion region of nickel is specified by
(-0.4 Vs=potential=+0.4 V) and (pH=6), or by (+0.4
V<potential=+1.5 V) and (pH=0). A corrosion region of cop-
per is specified by (potential=+0.2V) and (pH=<7, or pH=z11)
Adjustment is performed, e.g., by combination with oxidizer
such as hydrogen peroxide, potassium permanganate, or
ammonium persulfide, or a combination of such oxidizer and
acid such as sulfuric acid. Further, it is preferable not to
generate hydrogen. The hydrogen is not generated when a
potential is larger than 0.00 V that is a standard electrode
potential E (vs SHE) of the hydrogen. In connection with this,
the copper has E of +0.34 V larger than E of 0.00 V of the
hydrogen, and the hydrogen is not generated in the corrosion
region. Additionally, it is more preferable that oxygen does
not exist. The existence of oxygen increases the pH value due
to generation of OH— by a reaction with water, and it may not
belong to an appropriate range. Further, conditions such as an
etching liquid dipping time and a dipping temperature are
adjusted depending on the thickness and area of the metal thin
film layer.

The transparent conductor having the two transparent con-
ductive layers is manufactured by using a transfer sheet,
having a routing circuit at only a periphery of a transparent
conductive film layer 4. On the other hand, referring to FIG.
22(a), pressing and heating are performed by a roll transfer or
the like to adhere integrally the transfer sheet having the
routing circuit at the periphery of the transparent conductive
film layer to a flexible transparent substrate (transfer subject
10). Referring to FIG. 22(b), a substrate sheet 2 is then
removed, and the metal thin film layer 3 is removed by dip-
ping the transfer sheet-attached product into an etching lig-
uid.

The metal thin film layer is removed by the wet etching.
The wet etching method specifically includes a spray method
of atomizing an etching liquid, a dipping method of dipping a
work into an etching liquid and pulling up it, and the like. For
example, a transfer subject to which a layer including a trans-
parent conductive film layer at its surface is transferred is
dipped into the etching liquid so that the metal thin film layer
can be removed. Thereby, a transparent conductor having one
transparent conductive layer is obtained.

Referring to FIG. 22(c), a two-dimensional transparent
conductor 11 having flexibility is thereby obtained. Finally,
the foregoing roll transfer method, up-down transfer method,
pad transfer method, vacuum transfer method, or the like is
executed so that the two-dimensional transparent conductor is
adhered so as to be opposed to a transparent conductive layer
of a three-dimensional transparent conductor. FIG. 22(d)
illustrates the roll transfer method.

By using a transparent and electrically insulative adhesive
for adhesion of the three- and two-dimensional transparent
conductors, these can be used in a capacitive touch panel. The
use of the adhesive layer provides an effect of holding an
interval between layers in contact with the adhesive layer as
well as effects attained by not providing an air layer, i.e., an
effect of preventing a defect in outer appearance due to a
Newton ring and an effect as a spacer that adjusts a distance
between transparent electrodes. On the other hand, the use of
a transparent and pressure conductive adhesive allows use in
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a touch panel of a resistive film type. When a pressure con-
ductive layer is arranged between the transparent electrodes
by a transparent and pressure conductive adhesive, the fore-
going effects of electrical insulation, the interlayer adhesion,
and prevention of the outer appearance defect can be achieved
by the spacer.

When the adhesive is the pressure conductive adhesive, this
improves the reliability of the touch panel functions. The
pressure conductive layer in the present invention is formed
of a pressure conductive adhesive, and has a plurality of
transparent and electrically conductive substrates dispersed
in an electrically insulative transparent resin. When the pres-
sure conductive layer is not subjected to an external pressure,
the pressure conductive layer is not conductive and is insula-
tive. When the pressure conductive layer receives an external
pressure, changes in form of the pressure conductive layer
reduces a relative distance between the plurality of conduc-
tive substances so that the conductive substances make con-
tact or generate a tunnel current, and thereby a resistance
value decreases to flow an electric current in a pressure direc-
tion. In the touch panel, the pushing pressure direction
matches the direction between the transparent electrodes.
Therefore, the resistance value between them lowers to flow
an electric current and the position detection can be per-
formed. Since no pressure is applied in a direction of a trans-
parent electrode plane, the insulation is kept in this direction,
and no problem occurs in the position detection. The pressure
conductive layer is made of resin and electrically conductive
substances. The resin is not particularly restricted as long as
the resin is transparent and insulative. For example, the resin
may be acrylic or vinyl. The conductive substances are not
particularly restricted as long as the conductive substances
are transparent and conductive, and have low visibility. More
preferably, a size thereof is shorter than a wavelength thereof
in the visible light range. A material thereof is metal such as
gold, silver, copper, or aluminum; alloy thereof; or metal
oxide such as ITO or zinc oxide (ZnO,).

Working Examples of the Transfer Sheet of the
Second Embodiment

Working Example 1

On a substrate sheet formed of a polyimide film having a
surface of an arithmetic average roughness (Ra) of 0.4 nm and
athickness of 30 um, a mask layer was partially formed by an
offset print method using polyvinyl alcohol resin. After dry-
ing the above mask layer, a metal thin film layer (Cu layer of
100 nm in thickness) was formed on the substrate sheet and
the mask layer by a sputtering method. Thereafter, the mask
layer and the metal thin film layer formed on the mask layer
were removed by water washing to obtain the partially
formed metal thin film layer. The sheet thus obtained was
arranged in a chamber, and a material gas made of methane
and argon (a partial pressure ratio of methane and argon is
1:1) was kept at a constant pressure of 360 Pa in the chamber
by adjusting the inflow velocity of the material gas into the
chamber and the exhaust velocity of a pump. In this state,
microwave plasma CVD was performed under conditions of
380° C. and 40 seconds to form a transparent conductive film
layer mainly composed of graphene. Finally, an adhesive
layer was formed on the whole surface of the transparent
conductive film layer to give a transfer sheet.
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Working Example 2

A transfer sheet was obtained by the same operations as
those of Working Example 1 except that a substrate sheet
having a surface of an arithmetic average roughness (Ra) of
17 nm was used.

Working Example 3

A transfer sheet was obtained by the same operations as
those of Working Example 1 except that a metal thin film
layer had a thickness of 0.02 um.

Working Example 4

A transfer sheet was obtained by the same operations as
those of Working Example 1 except that a metal thin film
layer had a thickness of 0.8 um.

Working Example 5

A transfer sheet was obtained by the same operations as
those of Working Example 1 except that a release layer having
a surface of arithmetic average roughness (Ra) of 0.2 nm and
made of fluororesin was formed on a substrate sheet made of
a polyimide film and having a thickness of 30 um before a
mask layer was formed on the substrate sheet.

Comparative Example 1

A transfer sheet was obtained by the same operations as
those of Working Example 1 except that a substrate sheet
having a surface of an arithmetic average roughness (Ra) of
0.08 nm was used.

Comparative Example 2

A transfer sheet was obtained by the same operations as
those of Working Example 1 except that a substrate sheet
having a surface of an arithmetic average roughness (Ra) of
22 nm was used.

Comparative Example 3

A transfer sheet was obtained by the same operations as
those of Working Example 1 except that the thickness of a
metal thin film layer was 0.007 um.

Comparative Example 4

A transfer sheet was obtained by the same operations as
those of Working Example 1 except that the arithmetic aver-
age roughness of the surface was 20 nm and the thickness of
a metal thin film layer was 1.3 pm.

Comparative Example 5

A transfer sheet was obtained by the same operations as
those of Working Example 5 except that the arithmetic aver-
age roughness (Ra) of the surface of a release layer was 0.00
nm.
The transfer sheets obtained in Working Examples 1 to 5
and Comparative Examples 1 to 5 were adhered to polyeth-
ylene terephthalate, and the substrate sheets, or the substrate
sheets and the release layers were each peeled off from the
transfer subjects. Amounts of residual materials adhering to
the substrate sheets or the release layers were compared and
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studied. Then, only the metal thin film layers formed on the
surfaces of the transfer subjects were removed by an etching
liquid to obtain transparent conductors 1 to 5 each formed of
the transfer subject and the transparent conductive film layer.
The same operations were effected on the transfer sheets
obtained in Comparative Examples 1 to 5 to obtain transpar-
ent conductors 6 to 10, respectively.

Measurement of Surface Roughness of the Substrate Sheet
or the Release Layer

The surface roughness of each of the substrate sheets and
the release layers was measured by a method according to
(JIS) B0601-1994 using F3500D manufactured by Kosaka
Laboratory Ltd.
Evaluation of the Transfer Sheet

After pasting the transfer sheet obtained in each of Work-
ing Examples 1 to 5 to the transfer subject, i.e., polyethylene
terephthalate, the substrate sheet, or the substrate sheet and
the release layer were peeled off from the transfer subject, and
the amount of a residual material adhering to the substrate
sheet or the release layer was measured. As a result, the
residual materials were hardly visible to the naked eye except
for the cases where the transfer sheet of Comparative
Example 1 or 5 was used. In the cases of using the transfer
sheet of Comparative Example 1 or 5, existence of the
residual materials was recognized in contrast to the cases of
using the other transfer sheets.
Evaluation of the Transparent Conductors

The degree of variation in conductivity was evaluated in the
transparent conductors 1 to 10. The evaluation manner was
such that the resistance between any terminals of the same
form was measured ten times in each of the patterned trans-
parent conductive film layers, and the average and standard
deviation of the obtained resistance values were calculated.
As a result, the average values of the resistances in the trans-
parent conductors 1 to 5 were smaller than those of the trans-
parent conductors 6 to 10. The standard deviations of the
resistance values in the transparent conductors 1 to 5 were
smaller than those of the transparent conductors 6 to 10. This
showed that the transparent conductors 1 to 5 exhibit smaller
and stabler resistance values. From the above, it was under-
stood that the transparent conductors 1 to 5 obtained by using
the transfer sheets of Working Examples 1 to 5 have good
conductivity.

Working Examples of the Transfer Sheet of the Third
Embodiment

Working Example 1

Using polyvinyl alcohol resin, a mask layer was formed
partially by an offset print method on a substrate sheet (prod-
uct name: Mictron, corporation name: Toray Industries, Inc.)
made of a polyaramid film having a thickness of 25 um and an
arithmetic average roughness (Ra) of its surface of 7 nm.
After the mask layer was dried, a metal thin film layer (Cu
layer of 100 nm in thickness) was formed on the substrate
sheet and the mask layer by a sputtering method. Thereafter,
the mask layer and the metal thin film layer formed on the
mask layer were removed by water washing to obtain the
partially formed metal thin film layer. The sheet thus obtained
was arranged in a chamber, and a material gas made of meth-
ane and argon (a partial pressure ratio of methane and argon
is 1:1) was kept at a constant pressure of 360 Pa in the
chamber by adjusting the inflow velocity of the material gas
into the chamber and the exhaust velocity of a pump. In this
state, microwave plasma CVD was performed under condi-
tions of 380° C. and 40 seconds to form a transparent con-
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ductive film layer mainly composed of graphene. A routing
circuit pattern layer was formed on the transparent conductive
film layer using Silver Paste SAP-15 (product name) of
Sanwa Chemical Industrial Co., Ltd. (corporation name).
Finally, an adhesive layer was formed on the whole surface to
obtain a transfer sheet.

Working Example 2

A transfer sheet was obtained by the same operations as
those of Working Example 1 except that a substrate sheet
having a surface of an arithmetic average roughness (Ra) of
17 nm was used.

Working Example 3

A transfer sheet was obtained by the same operations as
those of Working Example 1 except that the thickness of a
metal thin film layer was 0.01 pm.

Working Example 4

A transfer sheet was obtained by the same operations as
those of Working Example 1 except that the thickness of a
metal thin film layer was 0.8 pm.

Working Example 5

A transfer sheet was obtained by the same operations as
those of Working Example 1 except that a release layer having
a surface of 0.2 nm in arithmetic average roughness (Ra) was
formed using fluororesin on a substrate sheet (product name:
Mictron, corporation name: Toray Industries, Inc.) made of a
polyaramid film having a thickness of 25 um before a mask
layer was formed on the substrate sheet.

Comparative Example 1

A transfer sheet was obtained by the same operations as
those of Working Example 5 except that a release layer having
a surface of an arithmetic average roughness (Ra) of 20 nm
was formed and a metal thin film layer had a thickness 0f 0.9
pm.

Comparative Example 2

A transfer sheet was obtained by the same operations as
those of Working Example 1 except that a substrate sheet
having a surface of 22 nm in arithmetic average roughness
(Ra) was used.

Comparative Example 3

A transfer sheet was obtained by the same operations as
those of Working Example 1 except that the thickness of a
metal thin film layer was 0.007 um.

Comparative Example 4

A transfer sheet was obtained by the same operations as
those of Working Example 1 except that the arithmetic aver-
age roughness of its surface was 20 nm and the thickness of a
metal thin film layer was 0.9 pm.

Comparative Example 5
A transfer sheet was obtained by the same operations as

those of Working Example 5 except that the thickness of a
metal thin film layer was 1.3 pm.
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Each of the transfer sheets obtained in Working Examples
1 to 5 and Working Comparative Examples 1 to 5 was then
pasted to the transfer subject, i.e., a polyethylene terephtha-
late film of 200 um, and a portion of the transfer sheet, i.e., the
substrate sheet, or the substrate sheet and the release layer
were peeled off from the transfer subject. Then, only the
metal thin film layer formed on the surface of the transfer
subject was removed by an etching liquid to obtain a trans-
parent conductor formed of'the transfer subject and the trans-
parent conductive film layer.

Measurement of the Surface Roughness of the Substrate
Sheet or the Release Layer

The surface roughness of the substrate sheet or the release
layer was measured by a method according to (JIS) B0601-
1994 using F3500D manufactured by Kosaka Laboratory
Ltd. The results are shown in Table 1.

Evaluation of the Releasability of the Transfer Sheet

As to the releasability of each of the transfer sheets
obtained in Working Examples 1 to 5 and Comparative
Examples 1 to 5, evaluation was performed on the transparent
conductors as follows. In the evaluation method, each of the
transfer sheets of Working Examples 1 to 5 and Examples 1 to
5 is pasted to a polyethylene terephthalate film of 200 um,
then the substrate sheet, or the substrate sheet and the release
layer were peeled off from the polyethylene terephthalate
film, and the rate of the metal thin film layer remaining on the
substrate sheet or the release layer was measured. The results
are shown in Table 1.

O: The metal thin film layer was adhered to the substrate
sheet or the release layer at a rate less than 0.02 cm® per 1 cm?.
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deviation of the obtained resistance values was calculated and
evaluated as follows. The results are shown in Table 1.

O: within averagex10 (standard deviation)

A: within average+20 (standard deviation)

x: exceeding average+20 (standard deviation)

Evaluation of the Conductivity of the Transparent Conduc-
tor

The conductivity of each of the transparent conductors
obtained by using the transfer sheets of Working Examples 1
to 5 and Comparative Examples 1 to 5, respectively, was
evaluated as follows. The evaluation manner was such that the
surface resistance value of a film surface was measured by a
surface resistance meter “Loresta IP” manufactured by Mit-
subishi Petrochemical Co., Ltd. The results are shown in
Table 1.

O: surface resistance value is less than 200Q/]

A: surface resistance value is between 200Q/[] and
5009/

x: surface resistance value is more than 5008/

Evaluation of the Transparency of the Transparent Con-
ductor

The transparency of each of the transparent conductors
obtained by using the transfer sheets of Working Examples 1
to 5 and Comparative Examples 1 to 5, respectively, was
evaluated as follows. The evaluation was made according to
JIS-K-7361, and the total light transmittance was evaluated
by Haze Meter HR-100 (Murakami Color Research Labora-
tory Co., Ltd.). The results are shown in Table 1.

O: total light transmittance was 90% or more

A: total light transmittance was 80% or more and less than
90%

TABLE 1

Surface roughness

Releasability

(Ra/nm) of Thickness (um) evaluation of Transparent conductor
substrate sheet or of metal substrate sheet or  Stability Conductivity =~ Transparency
release layer thin film layer release layer evaluation  evaluation evaluation

Working 7 0.1 O O O O
Example 1

Working 17 0.1

Example 2

Working 7 0.01 O O O O
Example 3

Working 7 0.8 O O O O
Example 4

Working 0.2 0.1 O O O O
Example 5

Comparative 20 0.9 O A A A
Example 1

Comparative 22 0.1 A X A A
Example 2

Comparative 7 0.007 O A A
Example 3

Comparative 20 0.9 A A A
Example 4

Comparative 0.2 1.3 X X A
Example 5

A: The metal thin film layer was adhered to the substrate
sheet or the release layer at a rate 0of 0.02 cm? or more and less
than 0.1 cm? per 1 cm?.

Evaluation of the Stability of the Transparent Conductor

The degree of variation in conductivity of each of the
transparent conductors obtained by using the transfer sheets
of Working Examples 1 to 5 and Comparative Examples 1 to
5, respectively, was evaluated as follows. The evaluation

60

Working Example of Manufacturing of a Touch
Panel

Working Example 1
A release layer made of fluororesin was formed on a sub-

strate sheet made of a polyimide film of 30 um in thickness
(after formation, the release layer has a surface of an arith-

manner was such that the resistance between any terminals of 65 metic average roughness (Ra) of 0.1 nm), and a solvent-

the same form was measured ten times in each of the pat-
terned transparent conductive film layers, and the standard

soluble mask layer made of polyvinyl alcohol resin was
formed on the release layer by an offset print method. After
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the mask layer was dried, a metal thin film layer (Cu layer of
300 angstroms in thickness) was formed by a sputtering
method on the whole surface. Thereafter, the solvent-soluble
mask layer and the metal thin film layer formed on the mask
layer were removed by water washing to form a patterned
metal thin film layer. Then, the sheet was arranged in a cham-
ber filled with a material gas made of methane and argon (a
partial pressure ratio of methane and argon is 1:1), and micro-
wave plasma CVD was performed under conditions of 380°
C. and 40 seconds to form a transparent conductive film layer
mainly composed of graphene. The transparent conductive
film layer was patterned, and an adhesive layer was formed on
the whole surface thereof so that a transfer sheet was
obtained. The transfer sheet thus obtained was transferred to
a PET film, and was dipped in an etching liquid primarily
containing hydrogen peroxide and sulfuric acid to produce a
two-dimensional transparent conductor. By the molding-si-
multaneous transfer method of another transfer sheet
obtained in Working Example 1, the layers including the
transparent conductive layer were transferred to a bowl-like
outer surface, using polystyrene resin, and were dipped in an
etching liquid primarily containing hydrogen peroxide and
sulfuric acid to remove the metal thin film layer. The two-
dimensional transparent conductor thus obtained and having
the transparent conductive layers opposed to each other was
adhered to a three-dimensional transparent conductor by an
adhesive serving as a pressure sensitive layer.

A touch panel was produced using the transparent conduc-
tor thus obtained. Good operation functions were obtained.

REFERENCE SIGNS LISTS

1 transfer sheet

2 substrate sheet

3 metal thin film layer

4 transparent conductive film layer
5 routing circuit pattern layer
6 release layer

7 adhesive layer

8 mask layer

9 resist layer

10 transfer subject

11 transparent conductor

The invention claimed is:

1. A transparent conductor manufactured by using a trans-

fer sheet comprising:

asubstrate having a surface of an arithmetic average rough-
ness (Ra) of 0.1 nm or more and 20 nm or less;

a metal thin film layer formed partially or entirely on the
substrate sheet to reflect the arithmetic average rough-
ness of the surface of the substrate sheet; and

a transparent conductive film layer formed on the metal
thin film layer and mainly composed of graphene,

the transparent conductor having, as the transparent con-
ductive film layer, one transparent conductive portion
mainly composed of graphene, comprising:

aflexible transparent substrate of a two-dimensional form;

a resin layer formed on one of surfaces of the transparent
substrate; and

a transparent conductive portion formed of the transparent
conductive film layer that is mainly composed of
graphene and formed on the resin layer as a result of
removal of the metal film layer, and having flexibility.

2. A transparent conductor having two transparent conduc-

tive portions mainly composed of graphene, and manufac-
tured by using first and second transfer sheets comprising:
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each of first and second substrate sheets having a surface of
an arithmetic average roughness (Ra) of 0.1 nm or more
and 20 nm or less;

first and second metal thin film layers formed partially or
entirely on the respective substrate sheets to reflect the
arithmetic average roughness of the surface of the sub-
strate sheets; and

first and second transparent conductive film layers formed
on the metal thin film layers and mainly composed of
graphene,

the transparent conductor comprising:

a flexible first transparent substrate of a two-dimensional
form;

a first resin layer formed on one of surfaces of the first
transparent substrate;

a first transparent conductive portion, as the first transpar-
ent conductive film layer, formed of the first transparent
conductive film layer formed on the first resin layer as a
result of removal of the first metal thin film layer and
mainly composed of graphene;

a flexible second transparent substrate of a two-dimen-
sional form;

a second resin layer formed on one of surfaces of the
second transparent substrate; and

a second transparent conductive portion, as the second
transparent conductive film layer, formed of the second
transparent conductive film layer formed on the second
resin layer as a result of removal of the second thin film
layer and mainly composed of graphene, wherein

the first and second transparent conductive portions are
opposed to each other to keep electrical isolation, and
the transparent conductor is flexible and has a two-di-
mensional form.

3. A transparent conductor having one transparent conduc-
tive portion mainly composed of graphene, and manufactured
by using a transfer sheet comprising:

a substrate having a surface of an arithmetic average rough-

ness (Ra) of 0.1 nm or more and 20 nm or less;

a metal thin film layer formed partially or entirely on the
substrate sheet to reflect the arithmetic average rough-
ness of the surface of the substrate sheet; and

a transparent conductive film layer formed on the metal
thin film layer and mainly composed of graphene,

the transparent conductor comprising:

a transparent substrate of a three-dimensional form;

a resin layer formed on one of surfaces of the transparent
substrate; and;

a transparent conductive portion, as the transparent con-
ductive film layer, formed of the transparent conductive
film layer mainly composed of graphene and formed on
the resin layer as a result of removal of the metal thin film
layer,

wherein the transparent conductor has a three-dimensional
form including the one transparent conductive portion.

4. A transparent conductor having two transparent conduc-
tive portions mainly composed of graphene, and manufac-
tured by using first and second transfer sheets comprising:

each of first and second substrate sheets having a surface of
an arithmetic average roughness (Ra) of 0.1 nm or more
and 20 nm or less;

first and second metal thin film layers formed partially or
entirely on the respective substrate sheets to reflect the
arithmetic average roughness of the surface of the sub-
strate sheets; and

first and second transparent conductive film layers formed
on the metal thin film layers and mainly composed of
graphene,
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the transparent conductor comprising:

a first transparent substrate of a three-dimensional form;

a first resin layer formed on one of surfaces of the first
transparent substrate;

a first transparent conductive portion, as the first transpar-
ent conductive film layer, formed of the first transparent
conductive film layer mainly composed of graphene and
formed on the first resin layer as a result of removal of
the first metal thin film layer;

asecond transparent substrate of a three-dimensional form,
and a second resin layer formed on one of surfaces of the
second transparent substrate; and

a second transparent conductive portion, as the second
transparent conductive film layer, formed of the second
transparent conductive film layer mainly composed of
graphene and formed on the second resin layer as a result
of removal of the second metal thin film layer,

wherein the first and second transparent electrode portions
are opposed to each other to keep electrical isolation,
and a three dimensional form including the two trans-
parent conductive portions is employed.

5. The transparent conductor as claimed in claim 2, com-

prising:

a pressure conductive layer arranged between first and
second transparent electrode portions, and made of an
insulative transparent resin and a plurality of electrically
conductive pressure-sensitive substances dispersed and
contained in the transparent resin,

wherein when a force acts on one of surfaces of the trans-
parent conductor, the acting force causes an electric
current to flow between the pressure-sensitive sub-
stances in the pressure conductive layer to achieve con-
duction between the first and second transparent con-
ductive layers opposed to each other.

6. A manufacturing method of a transparent conductor
which includes one transparent electrode portion mainly
composed of graphene and has flexibility, comprising:

a first step of arranging a transfer sheet comprising:

a releasable substrate sheet having a surface of an arith-
metic average roughness (Ra) of 0.1 nm or more and 20
nm or less;

a metal thin film layer formed partially or entirely on the
substrate sheet to reflect the arithmetic average rough-
ness of the surface of the substrate sheet; and

a transparent conductive film layer formed on the metal
thin film layer and mainly composed of graphene, and
provided with a transparent conductive portion, as the
transparent conductive film layer, within injection mold-
ing dies, injecting molding resin, integrally adhering the
transfer sheet to one of surfaces of a molded resin article
simultaneously with solidification of the molding resin,
and removing the releasable substrate sheet thereof; and

a second step of removing the metal thin film layer formed
on the one surface.

7. A manufacturing method of a transparent conductor,

comprising:

a first step of arranging a first transfer sheet comprising:

a releasable first substrate sheet having a surface of an
arithmetic average roughness (Ra) 0of0.1 nm or more and
20 nm or less;

a first metal thin film layer formed partially or entirely on
the first substrate sheet to reflect the arithmetic average
roughness of the surface of the substrate sheet; and

a first transparent conductive film layer formed on the first
metal thin film layer and mainly composed of graphene,
and provided with a first transparent conductive portion,
as the first transparent conductive film layer, within
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injection molding dies, injecting molding resin, inte-
grally adhering the first transfer sheet to a first one sur-
face among molded resin surfaces simultaneously with
solidification of the molding resin, and removing the
releasable first substrate sheet thereof;

a second step of removing the first metal thin film layer
formed on the first one surface;

a third step of integrally adhering a second transfer sheet
comprising:

a releasable second substrate sheet having a surface of an
arithmetic average roughness (Ra) 0of 0.1 nm or more and
20 nm or less;

a second metal thin film layer formed partially or entirely
on the second substrate sheet to reflect the arithmetic
average roughness of the surface of the second substrate
sheet; and

a second transparent conductive film layer formed on the
second metal thin film layer and mainly composed of
graphene, and provided with a second transparent con-
ductive portion, as the second transparent conductive
film layer, to a second one surface of a flexible transpar-
ent substrate having a two-dimensional form by heat and
pressure, and removing the second substrate sheet
thereof;

a fourth step of removing the second metal thin film layer
formed on the second one surface; and

a fifth step of adhering the first and second one surfaces
together by an adhesive in opposed positions to keep
electrical isolation between the first and second trans-
parent conductive portions, and forming a resin layer or
a pressure-sensitive conductive layer between the first
transparent conductive portion and the second conduc-
tive portion,

wherein the transparent conductor has the two transparent
conductive portions characterized by graphene and has a
three-dimensional form.

8. A capacitive touch input device comprising:

a transparent conductor as claimed in claim 1.

9. A transfer sheet comprising:

a substrate sheet having a surface of an arithmetic average
roughness (Ra) of 0.1 nm or more and 20 nm or less;

a metal thin film layer formed partially or entirely on the
substrate sheet to reflect the arithmetic average rough-
ness of the surface of the substrate sheet; and

a transparent conductive film layer formed on the metal
thin film layer and mainly composed of graphene.

10. A transfer sheet as defined in claim 9 further compris-

ing:

a routing circuit pattern layer formed on a portion of the
transparent conductive film layer.

11. A manufacturing method of a transfer sheet, compris-

ing:

forming a mask layer partially on a substrate sheet having
a surface of an arithmetic average roughness (Ra) of 0.1
nm or more and 20 nm or less;

forming a metal thin film layer on the mask layer and the
substrate sheet having the arithmetic average surface
(Ra);

forming the metal thin film layer partially on the substrate
sheet by peeling and removing the mask layer and the
metal thin film layer formed on the mask layer with a
solvent; and

forming a transparent conductive film layer mainly com-
posed of graphene on the metal thin film layer partially
formed on the substrate sheet.
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12. A manufacturing method of a transfer sheet, compris-
ing:

forming a metal thin film layer on a substrate sheet having
a surface of an arithmetic average roughness (Ra) of 0.1
nm or more and 20 nm or less;

forming a resist layer partially on the metal thin film layer
to form a portion provided with the resist layer and a
portion not provided with the resist layer on the metal
thin film layer;

forming the metal thin film layer and the resist layer par-
tially on the substrate sheet by peeling and removing the
metal thin film layer on the portion not provided with the
resist layer with a solvent;

exposing a surface of the metal thin film layer by removing
the resist layer with a solvent; and

forming a transparent conductive film layer mainly com-
posed of graphene on the metal thin film layer having the
exposed surface.

#* #* #* #* #*
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